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doi:10.1016/j.jds.2011.10.001Abstract Background/Purpose: Eating disorders (EDs) are life-threatening conditions that
mainly affect women and can be diagnosed early by dental professionals. The aims of this
study were to examine the oral radiographic status of ED patients and compare the perfor-
mances of dental professionals from different backgrounds in interpreting these findings.
Materials and methods: In total, 72 women with EDs and healthy controls matched by age, sex,
educational status, and smoking status were included in the project. Standardized full-mouth
intraoral periapical radiography with a bisecting-angle technique and digital panoramic
imaging were performed in all participants. Five observers independently interpreted the
tooth status, the condition of the periapical tissues, and the third molars.
Results: Scores for intra- and interobserver consistency were acceptable and were 0.76 and
0.92, respectively. The ED group consumed a larger daily amount of acidic beverages
(P < 0.05) than the controls, and a significant positive correlation was observed between
the daily acidic-beverage intake and the frequency of vomiting (P < 0.05). In the ED group,
the mean number of teeth with untreated carious lesions (P < 0. 01), particularly in the poste-
rior mandibular region (P < 0.05) and periapical pathologies requiring treatment (P < 0.05),
were significantly higher compared with healthy individuals. However, the radiographic
depth-progression pattern of the carious lesions was similar in the two groups.i Fakultesi, Istanbul Universitesi, Agiz-Dis Cene Cerrahisi Anabilim Dalı, Capa, Fatih, Istanbul 34093,
u.tr (Y. Sirin).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
Radiographic findings with eating disorders 191Conclusion: The presence of radiographically detectable caries and periapical lesions makes
ED patients more susceptible to the risk of losing their functional teeth over time, especially
when considered together with their inadequate oral hygiene practices and acidic-beverage
consumption. Nonetheless, dental professionals with different backgrounds can interpret such
radiographic findings with similar efficiency.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Eating disorders (EDs) are psychiatric illnesses in which
behavioral profiles of patients are characterized by persis-
tent preoccupation with weight, body shape, and also by
changes in their eating patterns and lifestyles.1 These
conditions exhibit amarkedpredilection inwomenandyoung
people involved in activities that stress body size, such as
athletes, models, and performers, are at greater risk for
developing ED.2 The fourth revised text version of the Diag-
nostical and Statistical Manual of Mental Disorders (DSM-IV-
TR) published by the American Psychiatric Association
distinguishes three major variants of ED, namely anorexia
nervosa (AN), bulimia nervosa (BN), and eating disorders not
otherwise specified (EDNOS).3 Different clinical character-
istics observed within the same classification, particularly
the presence of purging behavior, have led researchers to
further describe restrictive and binge-purge subtypes for AN
and purging and nonpurging subtypes for BN. The EDNOS
category is used for atypical cases that do not fulfill all the
diagnostic requirements of the other classifications. Overall
prevalence rates for AN, BN, and EDNOS among young
women are 0.3%, 1%, and 2.37%, whereas the incidence rate
for AN and BN are eight and 12 new cases per 105 population
per year, respectively.4,5 Mortality rates within 12 years
following a diagnosis are 5%e10% for AN, and this range
represents the highest crude mortality among all mental
disorders.6e9 For BN, these rates are 1.1%e3.9% in patients
followed for up to 25 years.6,10,11 Individuals with EDNOS,
which is sometimes referred to as a “less-severe” ED, were
recently shown to have a mortality rate of 5.2%.10
Binge eating, vomiting, and self-restriction of food
intake are prominent attitudes in the general ED psycho-
pathology.12 In some ED subtypes, these may also be
accompanied by a lack of personal oral hygiene related to
underlying comorbid psychological problems and drug
abuse.13 Accordingly, EDs have a wide range of manifesta-
tions affecting both the soft and hard tissues of the oral
region. A severe vitamin B deficiency decreases the turnover
rate of epithelial cells and may lead to painful atrophic
mucosal lesions with a burning sensation,14 while insuffi-
cient vitamin C consumption may predispose ED patients to
gingival inflammation and periodontal bone loss.15 Contact
of the gastric content with tooth surfaces during vomiting
and subsequent erosion on the palatal surfaces of the
anterior and posterior teeth are also well documented
oral complications of EDs.16 The caries incidence is still
a controversial subject, since some observational studies
indicated higher rates in ED patients, whereas others did
not.17,18 Based on these previous observations, it can be
suggested that EDs are not only a life-threateningconditions, but they are also an important source of
potential detrimental effects on oral health.
Increased awareness of EDs revealed that dental profes-
sionalsmaybethefirst healthcareproviders todiagnose these
diseases by noting their oral manifestations, and they should
have the necessary skills to develop treatment strategies.19
However, contrary to general beliefs, easily discernible
physical attributes, (e.g., being thin) or clinical characteris-
tics (e.g., vomiting) are not common features in all types of
this condition, which is a problem also heightened by the
tendency of ED patients to keep their condition secret. These
major issues make it difficult to distinguish patients from
healthy individuals, especially for healthcare professionals
with limited psychiatric knowledge or educational back-
ground. In order to take on such responsibilities, a common
level of knowledge should be established among clinicians
from different dental specialties, as it is always possible for
them to interact with an individual with an ED. Although the
necessity is clear, as far as we know, no previous research
focused on radiologic findings of EDs. Therefore, the aims of
this study were twofold: first, to compare the radiographic
status of ED patients with those of healthy individuals; and,
second, to examine the ability of dental professionals from
different backgrounds to interpret these findings.Materials and methods
Study population
This research was conducted on 144 women in outpatient
clinics of the Faculty of Dentistry, Istanbul University. The
study protocol was reviewed and approved by the Ethical
Consideration Committee of the university. The first group
to be evaluated was formed of 72 consecutive patients
diagnosed as having ED according to the DSM-IV-TR criteria
who were not using psychiatric medication at the time of
the examination (ED group) and were referred to our clinic
by the Department of Psychiatry. A clinical examination
questionnaire, which was later cross checked with records
of the psychiatry department for accuracy, was filled in at
this appointment. This paper included both multiple choice
and open-ended questions concerning the main type and
subtype of ED, age, educational status (no education,
primary school, high school, university, or higher), smoking
status, daily brushing frequency, brush-changing frequency,
the daily use of dental floss and mouth rinse and their
frequencies, the presence of vomiting and or bingeing, the
number of vomiting and bingeing episodes in a week, the
age at the first diagnosis of the condition, and its duration.
The second group included 72 consecutive applicants of the
192 Y. Sirin et alfaculty, who were undergoing no treatment for any acute or
chronic medical condition. The age, sex, educational level,
and smoking status of this group were matched in a case-
by-case manner with the ED group. To determine whether
this latter group had undiagnosed ED, these patients were
asked to complete a previously validated 40 item version of
the Eating Attitude Test (EAT-40)20 and were also inter-
viewed by psychiatrists. They were enrolled in the study
only if they scored <20 on the EAT-40 and after their status
was confirmed by the consultant psychiatrist. This group
filled in the same form as the ED patients with the excep-
tion of disease-related questions.
Imaging modalities and acquisition protocols
Periapical radiographs were taken with a Trophy Novelix
(Kodak-Trophy Radiologie, Vincennes, France) x-ray unit
that has 2.5-mm aluminum filtration and a 0.8  0.8-mm
focal spot. This device was operated at 65 kVp and 8 mA
according to the manufacturer’s exposure recommenda-
tions. The bisecting-angle technique and 14 Kodak Ekta-
speed Plus films (Eastman Kodak, Rochester, NY, USA)
per patient were used in conjunction with thyroid collars
during the imaging sessions. The radiographs were pro-
cessed in an automatic roller transport processor machine
(Velopex Intra-X Medivance Instruments, London, UK) with
fresh chemicals. The digital panoramic images were taken
with the Kodak 8000 Digital Panoramic System (Kodak
Dental Systems, Carestream Dental LLC, Atlanta, GA, USA)
using 70e74 kVp, 4e10 mA, and 12 seconds according to
a patient’s size to maintain consistent radiographic densi-
ties. The digital images were processed at 16-bit grayscale
levels and were saved as TIFF files.21
Definition of study variables
Three major variables were determined: the tooth status,
the condition of the periapical tissues, and third molar
evaluation. The first two were analyzed using both pano-
ramic and periapical radiography. The tooth status was
classified as one of the following: sound, missing, radio-
graphically detectable untreated carious lesion, restored,
restored and carious lesion, restored and root canal treat-
ment, restored and carious lesion and root canal treat-
ment, crown, crown with carious lesion, crown and root
canal treatment, and crown and carious lesion and root
canal treatment. A carious lesion was defined according to
the study of Galal and others22 who described it as any
amount of decalcification present on the tooth surface. The
depth of the lesions was defined as (0) no caries, (1) lesion
restricted to the enamel, (2) lesion reaching the amelo-
dentinal junction (ADJ), and (3) lesion extending into the
dentine.23 The periapical status was evaluated using the
periapical index (PAI) developed by Ostravik and others.24
(1, normal periapical structures; 2, small changes in bone
structures; 3, changes in bone structures with some mineral
loss; 4, periodontitis with a well-defined radiolucent area;
5, severe periodontitis with exacerbating features). The
third molars were only evaluated by panoramic radiography
and were described as sound, missing, restored, impacted,
or unerupted.Custom-designed software linked to an Excel Sheet
(Microsoft, Redmond, WA, USA) was developed in Delphi
computer language (Embarcadero, San Francisco, CA, USA)
for data collection. This program displays the tooth numbers
according to the enumeration system proposed by the FDI
World Dental Federation. The name of the radiographic
modality and the aforementioned variables were placed in
the form of drop-downmenus under each tooth number. The
users did not haveaccess to their or other observers’ previous
entries, and a single response was possible for each tooth.
Observer characteristics, calibration, and image
reading
Five independent observers (two oral radiologists, two
dental practitioners, and one oral surgeon) with more than
10 years of experience took part in this study. Before the
sessions, regardless of their previous experience in the field
of image assessment, they were given a short course in
which the usage information for image reading equipment,
handling of data-collection software, and characteristics of
the study variables were explained to them with clinical
images and examples. However, they were blinded to any
kind of data that belonged to the original participants of
the study. Periapical radiographs and digital panoramic
images were analyzed by each observer separately in the
same room under subdued lighting conditions in different
viewing sessions at 2-week intervals. Periapical films were
viewed and evaluated on a standard view box, whereas
panoramic images were displayed on a 23-inch (58.4 cm)
Samsung (Seoul, South Korea) LCD monitor with a screen
resolution of 1024  768 pixels. The viewing distance was
approximately 70 cm. Half of the images in each modality
were interpreted a second time after 3 weeks to determine
the intraobserver reliability. Two months after the evalua-
tion sessions, the true disease status (gold standard) for all
variables was established by a consensus of the five
observers’ simultaneous observation of the periapical and
panoramic images, and clinical photographs.
Statistical analyses
SPSS 16.0 (Statistical Package for Social Sciences, SPSS,
Chicago, IL, USA) and MedCalc 7.2 statistical software
(MedCalc, Mariakerke, Belgium) were used for the statis-
tical analysis. Standard descriptive methods such as the
mean, standard deviation, frequency, minimum, and
maximum were applied to determine the characteristics of
the sample. A Chi-squared test was used to compare
categorical demographic variables between the groups. As
the distribution of the data did not meet the requirements
for normality and homogeneity of variances assumptions,
nonparametric Mann-Whitney U and Kruskall-Wallis tests
were respectively used for between-group comparisons and
multiple-group comparisons. Correlations between at least
two continuous variables were examined with Pearson’s
correlation coefficient. A step-wise regression analysis was
performed to explain the statistical dependence of the
variables in the general population. Weighted kappa values
were calculated to measure intra- and interobserver reli-
ability and to assess the level of agreement between these
Figure 1 Palatial view of a binge-purge type patient with
anorexia nervosa who is 23 years old. The weekly vomiting
frequency was 28 times and the duration of the disease was
four years. Note the thinning of the enamel layer and carious
lesions.
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preted according to the criteria of Landis and Koch25 and
were described as 0.81e1.00 (very good or excellent),
0.61e0.80 (good or substantial), 0.41e0.60 (moderate),
0.21e0.40 (fair), and 0.00e0.20 (poor) agreement. The
diagnostic accuracies of the imaging modalities for selected
variables were calculated by tracing the receiver-operating
characteristic (ROC) curves based on the sensitivity and
specificity values and by statistically comparing area under
the curve (AUC). All results were evaluated in a 95% confi-
dence interval, and P values of <0.05 were considered
statistically significant.
Results
Demographic characteristics of participants
In the ED group, 43 patients were diagnosed as having AN
(19 with the binge/purge and 24 with the restrictive
subtypes), 17 as BN (with the purging subtype), and 12 as
EDNOS. Since no significant difference was found among ED
subtypes, these entities were examined as a single group.
The mean age of the ED and MC patients was 23.51  7.3
(range, 13e51) years, the mean age at the first diagnosis of
ED was 18.56  4.2 (range, 13e38) years, and the mean
duration of the condition was 44.85  59.09 months. Among
participants, 38.9% smoked. Most of the patients in both
groups (41.7%) had a university or higher academic level of
education. The mean daily brushing frequencies in the ED
and MC groups were respectively 1.89  1.2 (range, 0e8)
and 1.76  0.6 (range, 0e3) times, whereas the mean
brush-changing frequencies were 5  3.4 (range, 0e12) and
5.08  3 (range, 1e12) months. The daily use of mouthwash
and dental floss was reported by 8% and 14.5% of the
general population, respectively. No differences were
found between the ED and MC groups with respect to oral-
hygiene practices. The mean daily acidic beverage intake
was 0.56  0.71 (range, 0e2.5) L in the ED group, and this
was significantly higher than the mean consumption
reported by MC subjects [0.22  0.43; range, 0e2 L
(P < 0.05)]. Among patients in the ED group, 54% were
found to exhibit vomiting behavior, and the mean
frequency of the episodes in a week was 10.32  18.33
times. Among vomiting patients, 46.2% brushed their teeth
immediately after a vomiting episode, and 82.1% rinsed
their mouth with water (Fig. 1).
Assessment of the intra- and interobserver
reliabilities
To test agreement between the observers and imaging
modalities, ED and MC patients were examined together as
a single group. In panoramic radiography, the intraobserver
and interobserver kappa scores on the teeth status were
0.89e0.97 and 0.82e0.86, respectively. Similarly, for PAI
scores of the same group of variables, the intraobserver
kappa scores ranged 0.85e0.92, and the interobserver
agreement ranged 0.82e0.94. In periapical radiography,
the same scores for the tooth status were 0.81e0.95 and
0.83e0.90, respectively. PAI scores were also found to be
consistent with this imaging modality, as the kappacoefficients were 0.76e0.93 and 0.78e0.95 for the intra-
observer and interobserver kappa scores, respectively. No
significant difference was found according to the qualifi-
cations of the observer. When compared with the gold
standard, the AUCs for panoramic radiography in detecting
untreated carious lesions and evaluating PAI scores
(0.78  0.01 and 0.67  0.01, respectively) were signifi-
cantly lower than those for periapical radiography
[0.98  0.005 and 0.91  0.01, respectively (P < 0.05)].
Comparative radiological analysis based on the gold
standard
In total, 279 teeth in the ED group and 194 teeth in the MC
group were found to have untreated carious lesions.
Accordingly, the percentage of such lesions among unre-
stored teeth was found to be statistically higher in the ED
group (15.9%) compared with MC patients [10.50%
(X2 Z 20.59, d.f. Z 4, P < 0.05)]. Similarly, the mean
number of teeth with at least one radiographically
detectable untreated carious lesion in the ED group
(3.84  2.78) was significantly higher than that of the MC
group [2.69  1.52 (P < 0.05)]. When restored and missing
surfaces were excluded, 449 (12.8%) approximal surfaces of
the ED group and 259 (7.03%) approximal surfaces of the MC
group were found to have a carious lesion (X2 Z 68.53,
d.f.Z 4, P < 0.01). No significant differences were found in
distributions of the occlusal lesions between the study
groups, which were observed in 118 (13.39%) surfaces of the
ED group and 92 (9.4%) surfaces of the MC group. When all
participants were examined as a single entity, percentages
of lesions reaching the ADJ (34.26%) and those extending
into the dentine (41.03%) were found to be significantly
higher than that of caries restricted to the enamel [24.71%
(X2 Z 20.27, d.f. Z 4 and X2 Z 55.51 d.f. Z 4, respec-
tively; P < 0.01 for both)]. However, the depths of carious
lesions in the ED and MC groups did not significantly differ.
PAI scores were evaluated by forming two new groups
described as teeth with PAI scores of 3 (treatment
required) and teeth with PAI scores of <3 (no treatment
Table 1 Mean and standard deviations (SD) of the exam-
ined radiographic variables in both groups.
Radiographic status of the
teeth and periapical tissues
Eating
disorders
group
Matched
control
group
Mean SD Mean SD
Sound 20.19 5.90 22.62 2.93
Missing 2.39 2.57 2.40 0.96
Untreated caries 3.84 2.78 2.69 1.52
Restoration 2.70 1.81 3.06 1.58
Restoration and caries 1.62 1.53 1.2 0.8
Restoration and root canal 1.59 1.12 1.17 0.38
Restoration, root canal,
and caries
1.38 0.74 1.25 0.5
Crown 2.29 1.43 1.67 0.57
Crown and caries 1.02 0.61 1.5 1.11
Crown and root canal 2.02 1.22 1.89 0.78
Crown, root canal,
and caries
1.45 0.31 1.2 0.8
Teeth with PAI score 3 1.31 1.27 0.77 0.84
Teeth with PAI score <3 25.70 2.48 26.94 1.25
Figure 2 Although they are generally young, the dental
treatment needs of patients with eating disorders can be
severe and may require close follow-up, as shown in this
panoramic radiograph taken from a patient aged 16 years with
purging-type bulimia.
194 Y. Sirin et alnecessary).26 According to this classification, 95 teeth
(4.82%) in the ED group and 56 teeth (2.96%) in the MC
group had PAI scores of 3, indicating that the percentage
of teeth with periapical pathologies was significantly
greater in the ED group (X2 Z 9, 52, d.f. Z 4, P < 0.05).
The mean number of teeth with PAI scores of 3 in the ED
group (1.31  1.27) was significantly higher than that of the
MC group {0.77  0.84 [P < 0.05 (Table 1)]}.
To examine whether the aforementioned variables were
concentrated in a particular region, the dentition was
divided into four subgroups described as maxillary anterior
teeth (13e23), maxillary posterior teeth (14e17 and
24e27), mandibular anterior teeth (33e43), and mandib-
ular posterior teeth (34e37 and 44e47). According to these
data, mean numbers of teeth interpreted as being “sound”
in the ED group in the mandibular anterior (4.91  1.49),
maxillary posterior (5.52  1.94), and maxillary anterior
(4.43  1.72) regions were significantly lower than those
found in the same regions of MC patients [5.48  0.62;
6.18  2.76; 5.20  0.90, respectively (P < 0.05 for each)].
ED patients had a significantly higher mean number ofTable 2 The regional distributions of the mean and standard de
as those with apical lesions requiring treatment.
Region Teeth with untreated carious
lesions (mean  SD)
So
Eating
disorders
Matched
controls
Eati
diso
Maxilla anterior 0.80  1.08 0.56  0.70 4.43
Maxilla posterior 1.13  1.12 0.87  1.07 5.52
Mandibula anterior 0.78  1.10 0.51  0.62 4.91
Mandibula posterior 1.12  1.12* 0.70  0.93 5.43
PAI Z periapical index.
* Indicates significant difference from the corresponding control grouuntreated caries lesions (1.12  1.2) in the mandibular
posterior region compared to MC patients [0.7  0.93
(P < 0.05)]. No significant regional difference was found
between vomiting and nonvomiting ED patients When
examined regionally, it was found that mean numbers of
teeth with PAI scores of 3 in the maxillary anterior and
mandibular posterior regions in the ED group (0.33  0.55
and 0.56  0.74, respectively) were significantly higher
than those found in the same regions of MC subjects
{0.11  0.31 and 0.27  0.45 [P < 0.05 (Table 2 and Figs.
2e4)]}.
As expected for the age range of participants, the
majority of third molars in the ED and MC groups were
impacted (17.01% and 23.26%, respectively) or unerupted
(29.51% and 21.8%, respectively). However, no significant
differences were found between the study groups with
respect to the status of the third molars.
Correlations and effects of demographic variables
on the study outcome
The mean age of the entire sample, the mean age at the
first diagnosis of ED, and the duration of disease were found
to be inversely correlated with the number of teeth withviations (SD) of the sound and untreated carious teeth as well
und teeth (mean  SD) Teeth with PAI scores3
(mean  SD)
ng
rders
Matched
controls
Eating
disorders
Matched
controls
 1.72* 5.20  0.90 0.33  0.55* 0.11  0.31
 1.94* 6.18  2.76 0.32  0.43 0.27  1.53
 1.49* 5.48  0.62 0.08  0.27 0.11  0.39
 2.22 6.01  1.46 0.56  0.74* 0.27  0.45
p.
Figure 3 Even without vomiting or purging behavior, the
number of functional teeth may be at risk, as seen in the
panoramic view of this patient who was diagnosed with an
eating disorder not otherwise specified. Note the missing teeth
and those with untreated deep carious lesions. The patient
refused treatment, claiming that she was not experiencing
pain at the time of examination.
Radiographic findings with eating disorders 195a PAI score of <3 [r Z 0.31; 0.25; and 0.30, respec-
tively (P < 0.05 for each)]. Furthermore, there was also
a weak but significant positive correlation between the
daily acidic beverage intake and weekly vomiting frequency
(rZ 0.30; P < 0.05) in the ED group. Since the mean of one
or more random variables could not be predicted based on
the other measured study variables in a valid step-wise
regression model, these effects were considered to be
independent in the study population.Discussion
Epidemiologic data on ED indicate that the prevalence of
this condition is on the rise, especially in westernFigure 4 Periapical imaging findings in patients with eating dis
dentine as well as the prominent apical lesions.countries.27 However, cultural influence is not irrefutably
associated with eating disturbances or with body image
issues since the presentation of ED may differ across
countries.28 Although this condition was once believed to
be more common in middle and upper social classes,29 the
association between socioeconomic status and ED has also
become a controversial subject. Recent studies with large
heterogeneous populations showed that EDs equally affect
people from all different backgrounds, and individuals with
a low socioeconomic status may report higher rates of
disordered eating behaviors.30 In terms of dental public
health, the income and treatment opportunities of the
population may be limiting factors especially for those
living in rural areas. Epidemiologic studies showed higher
prevalences of dental pathologies in such regions,31 which
could have negative effects on the oral-health status of ED
patients and healthy individuals alike.
Under these circumstances, dental professionals may be
the first healthcare providers to assess oral manifestations
of ED, and their role is important in the secondary
prevention of this condition.32 As a standard rule, disease-
specific knowledge in radiological interpretation is crucial
in the diagnostic process of any clinical or subclinical
disease. Accordingly, we chose to evaluate previously
unstudied oral radiographic findings of ED, which has
well-known oral manifestations. Because of the specific
epidemiologic characteristics of this psychiatric illness, we
employed an age- and sex-matched case-control study
design. In addition, since the educational level was shown
to have an effect on knowledge of oral hygiene33 and
patients with a smoking habit were found to have higher PAI
scores compared to nonsmokers,34 these variables were
also included in the matching criteria to increase the
demographic similarity between the ED and MC groups.
Panoramic imaging and periapical radiography were used
because these systems are widely available, cost-effective,
and previously investigated in terms of diagnostic limita-
tions. For image analysis, oral radiologists were chosen
based on their familiarity with the diagnostic equipment.orders that show caries progression reaching deeper into the
196 Y. Sirin et alDental practitioners were included because of the high
possibility of their interacting with the ED group due to
their standard dental-treatment needs. Since the age range
of ED patients is highly consistent with the common clinical
problems related to third molars; an oral surgeon was also
invited to be an observer.
The diagnostic potentials of the different imaging
modalities in analyzing the tooth status and condition of
periapical tissues were compared in various studies. Akaslan
and colleagues21 examined the accuracy of conventional
bitewing and periapical radiographs, and unfiltered and
filtered digital panoramic images for assessing approximal
carious lesions in posterior teeth. The authors emphasized
that the highest diagnostic accuracy was calculated for the
bitewing, followed by periapical radiographs. Similarly,
Akkaya and others35 compared a full-mouth series, pano-
ramic radiography, and their combination in detecting
proximal lesions, and suggested that the panoramic survey
alone is insufficient to diagnose such caries. On the other
hand, Sacie-Ricardo and colleagues26 investigated the use of
periapical radiographs with printed and on-screen digital
panoramic images to assess the periapical status of teeth
using PAI, and they concluded that the dentition is best
viewed on periapical radiographs except for the maxillary
second and third molars. Furthermore, some authors repor-
ted underestimation36,37 of the periapical pathologies on
panoramic radiography compared to periapical films,
whereas others foundnodifferencebetween the two imaging
modalities.38 According to our approach, the level of agree-
ment between inter- and intra-observer scores was rated
good to excellent when evaluating the two imaging modali-
ties separately to describe the teeth status and the condition
of periapical tissues. Therefore, froma clinical point of view,
we suggest that radiologic details of ED patients can be
interpretedwith similar efficacy by dental professionals with
different backgrounds. However, the comparison between
the two imaging modalities and the gold standard revealed
that digital panoramic radiography alone was inferior to
periapical films for detecting untreated carious lesions and
classifying periapical pathologies. Therefore, periapical
radiographic surveys should be considered an important
adjunct to clinical examinations in diagnosing oral-health
problems and planning treatment of ED patients.
The demographic characteristics of the age range and
onset of disease of our ED sample were consistent with
previous reports,4,7,27 which emphasizes this condition as
a specific threat to women in late adolescence or early
adulthood. Standard oral-hygiene practices, particularly
the use of daily mouth rinse and dental floss, were found to
be equally inadequate in the ED and MC groups. Further-
more, other independent and non-matched measures
between the two samples that can affect oral health, such
as a higher amount of daily acidic-beverage intake, the
presence of vomiting, and the high number of patients who
were brushing their teeth immediately after a vomiting
episode,18 were prominent in the ED group. Therefore,
even though there is an obvious need for better oral-care
instructions in both groups, ED patients need to be
further informed about their condition and its effects on
oral health. Accordingly, patients with ED showing purging
behavior were advised to avoid brushing the teeth imme-
diately after a self-induced vomiting episode.The oral and dental statuses of ED patients were
addressed by many authors using different methods of
assessing caries and restorations. Ohrn ad colleagues39
compared the oral findings of 81 ED patients with those of
healthy individuals using the decayed, missing, filled
surfaces index (DMFT) and reported that the oral health of
those patients was generally poorer, and they had signifi-
cantly higher decayed and untreated tooth surfaces than the
controls. Milosevic and Slade40 examined 58 patients with
AN or BN and found no evidence of higher caries or resto-
ration prevalence in ED patients than the age- and sex-
matched controls. Those authors suggested that the
frequency of pathological tooth wear was significantly
higher in the purging subtype of BN, especially if the total
number of vomiting episodes was greater than 1100 times.
Similarly, Touyz and others41 found no differences between
the DMFT indexes of patients with AN or BN and healthy
volunteers. In contrast, Philipp and others42 recorded DMF
values of ED patients in a case-controlled cross-sectional
study and reported that AN patients had significantly lower
scores than the controls. Those authors attributed these
differences to better oral-hygiene practices of AN patients
due to the vomiting. More recently, Lifante-Oliva and
colleagues43 examined 17 ED patients and reported that the
caries prevalence was within normal limits for the patients’
age range. Results of those previous reports are not directly
comparable with our findings because of differences in the
assessment instruments and methods used. However, we
should also note that the details concerning the radiographic
methods were limited in most of those studies, which is in
contrast to the generally accepted oral-survey concept that
suggests more dental caries could be detected using radio-
graphic techniques than are found by clinical examinations
alone.44 According to our approach, ED patients had higher
numbers of radiographically detectable teeth and surfaces
with carious lesions, as well as more apical lesions which
required endodontic or surgical treatment. In addition, we
observed fewer sound teeth in three of the four segments of
the mouth compared to healthy patients, indicating that the
occurrences of missing, restored, carious teeth, or those
with prosthetic rehabilitation could be more frequent in the
same regions. These findings suggest that the number of
functional teeth is at risk for diminishing over time in ED
patients if not properly treated. However, no difference was
found in the depths of carious lesions between the two
groups, showing that the ED patients had a similar pattern of
hard-tissue loss in their teeth as the controls, but the
number of lesions was higher. Furthermore, the distribu-
tions of carious or periapical lesions were not observed to
particularly be concentrated in themaxillary anterior region
in vomiting patients, which is in contrast to previous reports
that demonstrated higher regional tooth tissue loss in such
subjects because of the contact of acidic content with
palatal surfaces.16,17 This can be explained by the fact that
the observers were looking for carious lesions on radio-
graphs but not for erosive tooth wear found in vomiting ED
patients.45 Moreover, Milosevic and Dawson46 reported that
the occurrence of dental erosion in these subjects was not
linearly associated with the frequency or duration of vom-
iting. Dental erosion is primarily an inspectional diagnosis,
and considerable dissolution of tooth tissues is required
before it becomes apparent on radiographs.
Radiographic findings with eating disorders 197In conclusion, a radiographic analysis of ED patients
revealed that this group is likely to have higher numbers of
teeth and approximal surfaces affected by carious lesions
which presented similar depth progression patterns, and
more periapical lesions requiring treatment compared to
healthy individuals. When considered together with the
inadequacy of oral-hygiene practices of the same group,
the presence of such radiographic findings requires multi-
disciplinary and customized treatment programs for ED
patients not only to protect the integrity of the oral envi-
ronment but also, from a psychiatric point of view, to avoid
providing an objective reason for food aversion to an indi-
vidual who already has distorted eating habits.Acknowledgments
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